The success of antiamyloid therapies aimed at halting Alzheimer disease (AD) may rely on intervention at the earliest sign of amyloid, before downstream consequences on neurodegeneration and cognitive decline.^[@R1]^ Unfortunately, relatively little is known about the earliest stages of amyloid deposition because initial deposits often fall below study-specific thresholds for reliably differentiating amyloid from noise with PET imaging^[@R2],[@R3]^ and are considered "amyloid negative." An important recent PET study^[@R4]^ found that by leveraging longitudinal data in individuals classified as amyloid negative at baseline, it was possible to detect an early synchrony between increasing amyloid burden and declining memory.

The present study examines further the early relationship between increasing amyloid burden and concurrent cognitive decline over 4 years in initially amyloid-negative adults from the Dallas Lifespan Brain Study (DLBS). Autopsy^[@R5]^ and PET evidence^[@R6][@R7][@R9]^ indicates that initial amyloid deposits aggregate in a more focal manner compared to the more diffuse later patterns often observed in amyloid-positive individuals. Hence, we examined whether a regional approach may optimize detection of early amyloid deposits and its cognitive consequences in adults typically labeled as amyloid negative. Furthermore, because amyloid is known to start depositing as early as middle age,^[@R10],[@R11]^ additional analyses focus on a subsample of adults 30 to 59 years of age as a potential early window into AD pathologic progression. Finally, to better understand the early sequence of events in the AD pathologic cascade, we assessed whether structural changes might drive an early relationship between amyloid and cognitive decline.

Methods {#s1}
=======

Participants {#s1-1}
------------

This study included all DLBS participants who completed amyloid PET scans, structural MRI scans, and a cognitive battery at baseline and 4-year follow-up. Of 288 participants eligible to return, 178 returned (62%). Reasons for nonreturns included the following: 8 were deceased, 30 were in poor health, 23 were not interested, and 49 were lost to follow-up. Of those who returned, 36 were excluded (19 because of a change in PET scanner at follow-up, 11 missing MRI/poor MRI image quality, and 6 poor PET-MRI coregistration), leaving a final sample of 142 participants. Those retained (n = 142) did not differ significantly from those excluded (n = 146) as a function of age, baseline standardized uptake value ratio (SUVR), years of education, sex, or *APOE* carrier status (all *p* \> 0.10). Analyses in the current study focused on the amyloid-negative subsample (n = 126), with description of the positivity threshold in the PET processing methods section.

All participants were community-dwelling adults recruited locally from advertisements, public talks, and letters. Participants had a Mini-Mental State Examination score ≥26 at baseline. Participants were excluded on the basis of screening for neurologic and psychiatric disorders, loss of consciousness \>10 minutes, drug or alcohol abuse, major heart surgery, or chemotherapy within 5 years. All were fluent English speakers and right-handed.

Standard protocol approvals, registrations, and patient consents {#s1-2}
----------------------------------------------------------------

This study was approved by the Institutional Review boards from the University of Texas Southwestern Medical Center and the University of Texas at Dallas. All participants provided written informed consent and were debriefed according to human investigations committee guidelines.

Cognition {#s1-3}
---------

From a larger cognitive battery, we focused on measures of episodic memory performance, including the following tasks: delayed recall and delayed recognition of the Hopkins Verbal Learning test^[@R12]^ and the immediate recall of the CANTAB Verbal Recognition Memory task.^[@R13]^ Baseline scores were converted to *z* scores in the full sample, and the follow-up scores were *z* transformed with the use of the baseline mean and standard deviation. The *z* scores were averaged to form an episodic memory composite. Change was measured as the difference between baseline and follow-up. Additional analyses also included composites for processing speed (Wechsler Adult Intelligence Scale Digit Symbol,^[@R14]^ Digit Comparison^[@R15],[@R16]^) and reasoning (Raven\'s Progressive Matrices,^[@R17]^ Educational Testing Service Letter Sets^[@R18]^).

MRI protocol {#s1-4}
------------

Participants were scanned on the same 3T Philips Achieva (Philips, Best, the Netherlands) scanner with an 8-channel head coil at baseline and follow-up. High-resolution anatomic images were collected with a T1-weighted magnetization-prepared rapid-acquisition gradient echo sequence with 160 sagittal slices, a field of view of 204 × 256 × 160 mm, voxel size of 1 × 1 × 1 mm^3^, repetition time of 8.1 milliseconds, echo time of 3.7 milliseconds, and flip angle of 12°. Time 1 and 2 anatomic images were processed separately with the FreeSurfer version 5.3 cross-sectional pipeline ([surfer.nmr.mgh.harvard.edu/](http://surfer.nmr.mgh.harvard.edu/))^[@R19],[@R20]^ with thorough manual editing, as detailed previously.^[@R21]^ Eight bilateral regions of interest (ROIs) were derived from FreeSurfer cortical parcellations with the Desikan-Killiany atlas,^[@R22]^ made up of most of the neocortex (excluding primary sensory and motor regions and the medial temporal lobe) and corresponding with previous amyloid imaging studies from this sample^[@R23][@R24][@R25]^: posterior cingulate (PCC), anterior cingulate, lateral prefrontal (LPFC), orbitofrontal, precuneus, lateral parietal, lateral occipital, and lateral temporal cortices.

FreeSurfer parcellations were also used to compute 3 measures of brain structure: hippocampal volume, global cortical volume (sum of all cortical parcellations), and a composite of AD signature regions,^[@R26],[@R27]^ including entorhinal, fusiform, parahippocampal, midtemporal, inferior-temporal, and inferior parietal cortices. Adjusted volumes were computed separately at each time point with the following equation: adjusted volume = raw volume − b × (intracranial volume − group mean intracranial volume), where b is the slope of regression of an ROI volume on intracranial volume.^[@R28]^ Atrophy (change in adjusted volume) was computed as a difference score.

PET acquisition {#s1-5}
---------------

The PET protocol was the same at baseline and follow-up, following previously reported procedures.^[@R23]^ All participants were injected with a 370-MBq (10 mCi) bolus of ^18^F-florbetapir.^[@R3]^ At 30 minutes after injection, participants were positioned on the imaging table of a Siemens ECAT HR PET scanner (Siemens, Munich, Germany). A 2-minute scout was acquired to ensure that the participant\'s brain was completely in the field of view and that there was no rotation in either plane. A 2 frame by 5 minutes each dynamic emission acquisition was started 50 minutes after injection, and immediately after, an internal rod source transmission scan was acquired for 7 minutes. The transmission image was reconstructed using back-projection and a 6-mm full width at half-maximum gaussian filter. The emission images were processed by iterative reconstruction, with 4 iterations and 16 subsets and a 3-mm full width at half-maximum ramp filter.

PET preprocessing {#s1-6}
-----------------

To improve the measurement of change in amyloid over time, additional preprocessing steps were taken to minimize noise across time points. First, to avoid biasing the change measurement to either time point, each participant\'s baseline MRI and follow-up MRI were used to create the individual's mean MRI with FreeSurfer version 5.3. PET images from each time point were linearly coregistered to the MRI at the corresponding time point with FLIRT^[@R29]^ and then transformed to mean MRI space with the transformation matrix derived from coregistration of the MRI at each time point to the mean MRI. Second, bilateral FreeSurfer ROIs from each time point were transformed to mean MRI space and thresholded at 0.7, thus eroding ROI borders and reducing partial volume effects.^[@R30]^ Next, to generate a single set of ROI masks, ROIs from each time point were combined into a single conjunction mask that included only voxels present at both time points. These conjunction masks ensured that additional error would not arise from differences in parcellations across time, including differences due to atrophy. Finally, we used a reference region previously shown to provide the most stable reference over time: the average of both the whole cerebellum and the cerebral white matter.^[@R31]^ A partial volume correction with the method of Muller-Gartner et al.^[@R32]^ was tested but was found to add error, particularly due to limitations in coregistering PET to MRI,^[@R33]^ and therefore the data presented are not partial volume corrected.

SUVRs were computed for each conjunction mask ROI at each time point and the mean across the 8 ROIs (global SUVR). Change in SUVR in each ROI and global SUVR was computed as a difference score between baseline and follow-up.

All participants were classified as amyloid positive or negative at baseline on the basis of whether they fell above or below a study-specific cutoff (SUVR 0.76) of 2 SD above the mean global SUVR in young adults.^[@R23]^ This low threshold was selected to reduce the number of false negatives and to focus on individuals with initially very low global SUVRs.

Statistical analysis {#s1-7}
--------------------

Separate general linear models (GLMs) were used to assess whether there were significant changes (main effect of time) in amyloid and measures of brain structure across the full sample of initially amyloid-negative adults (age 30--89 years at baseline), as well as within the middle-aged subsample (age 30--59 years at baseline), controlling for age, sex, and *APOE*.

In the primary analyses, multiple GLMs were conducted across all amyloid-negative adults and within the middle-aged subsample to assess whether the change in SUVR predicted (1) the change in episodic memory, (2) the change in measures of brain structure, and (3) the change in episodic memory after controlling for measures of brain structure. All analyses controlled for baseline SUVR, age, sex, and *APOE*, as well as baseline measures of episodic memory (models 1 and 3) and brain structure (models 2 and 3). Analyses were conducted first with global SUVR change (with baseline global SUVR as a covariate) and second as 8 separate GLMs for each of the ROIs (with baseline regional SUVR as a covariate). One participant was missing follow-up cognitive data and was excluded from cognitive analyses. All analyses were conducted with SPSS version 24 (SPSS Inc, Chicago, IL).

Data availability {#s1-8}
-----------------

Baseline data are online ([fcon_1000.projects.nitrc.org/indi/retro/dlbs.html](http://fcon_1000.projects.nitrc.org/indi/retro/dlbs.html))), and follow-up data are available to qualified investigators on request to the corresponding and senior authors.

Results {#s2}
=======

Longitudinal changes in amyloid and brain structure in initially amyloid-negative adults {#s2-1}
----------------------------------------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the sample characteristics for all initially amyloid-negative adults and the middle-aged subsample of adults 30 to 59 years of age. There was a significant mean increase over time in global amyloid burden (*F* = 3.876, *p* = 0.05), as well as significant decreases in hippocampal volume (*F* = 8.091, *p* = 0.005), AD signature region volume (*F* = 12.581, *p* \< 0.001), and global cortical volume (*F* = 9.645, *p* = 0.002). When analyses were restricted only to the subsample of adults 30 to 59 years of age, there was not a significant mean change over time in global amyloid burden (*F* = 0.313, *p* = 0.577) or AD signature region volume (*F* = 1.99, *p* = 0.162), but there were significant decreases in hippocampal volume (*F* = 10.278, *p* = 0.002) and global cortical volume (*F* = 11.342, *p* = 0.001).

###### 

Sample characteristics
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[Figure 1](#F1){ref-type="fig"} presents the individual changes both in global SUVR and within each of the 8 ROIs as a function of age. As expected, we observed both random fluctuations (both increases and decreases) likely due to noise and larger increases that likely reflect amyloid accumulation. As [figure 1A](#F1){ref-type="fig"} shows, 14 of 126 initially amyloid-negative participants (11.1%) crossed the threshold for positivity after the 4-year follow-up, only 1 of whom was \<60 years of age (a 58-year-old). Converters were older (*t* = 2.813, *p* = 0.006) and had greater baseline global SUVR (*t* = 3.893, *p* \< 0.001) than nonconverters but did not differ in terms of sex, *APOE* status, or any baseline or change measures of cortical volume or episodic memory (*p* \> 0.15).

![Individual trajectories of SUVR change across ROIs\
Lines represent each individual's raw change in standardized uptake value ratio (SUVR) for (A) global SUVR and (B--I) each of the 8 regions of interest (ROIs), color-coded by the magnitude of change. Large increases are shown in warmer (red) colors; no change is shown in yellow; and decreases are shown in cooler (green) colors. The dashed line on each figure represents the positivity threshold, set at an SUVR of 0.76 based on global SUVR. ACC = anterior cingulate cortex; LPFC = lateral prefrontal cortex; OFC = orbitofrontal cortex; PCC = posterior cingulate cortex.](NEUROLOGY2018890368FF1){#F1}

An ROI × time analysis on SUVR, with ROI as a within-participant variable, revealed that there were significant baseline differences in SUVR by region (main effect of ROI, *F =* 167.263, *p* \< 0.001). Higher baseline SUVR was present for PCC, precuneus, orbitofrontal cortex, and anterior cingulate cortex compared to lateral parietal, lateral temporal, and lateral occipital cortices ([figure 1, B--I](#F1){ref-type="fig"}). The smallest difference between these 2 sets of ROIs (between the LPFC and precuneus) is significantly different (*t* = −9.394, *p* \< 0.001). Although overall SUVR significantly increased over time (main effect of time, *F* = 23.447, *p* \< 0.001), the mean change in SUVR did not significantly differ across regions (ROI × time interaction, *F* = 1.017, *p* = 0.417). Nevertheless, regional differences may exist in the effect of SUVR change on cognitive decline.

Amyloid accumulation and cognitive decline in initially amyloid-negative adults {#s2-2}
-------------------------------------------------------------------------------

Using GLM, we assessed whether the global SUVR change score predicted the episodic memory change score, treating baseline global SUVR, baseline episodic memory performance, age, *APOE*, and sex as covariates. Results are summarized in [table 2](#T2){ref-type="table"}. Increasing change in global SUVR marginally predicted declining episodic memory, while baseline global SUVR did not predict change in episodic memory. When restricted to only adults 30 to 59 years of age, increasing change in global SUVR was significantly associated with declining episodic memory, while baseline global SUVR again did not significantly predict memory decline. Together, these results indicate that change in global SUVR is more predictive than baseline SUVR of declining memory in initially amyloid-negative adults.

###### 

Global and regional SUVR change on episodic memory change results
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Next, we assessed whether specific regions were sensitive markers of an early amyloid-cognition relationship ([table 2](#T2){ref-type="table"}). In all initially amyloid-negative adults, increasing change in SUVR in the PCC, precuneus, and lateral parietal cortices predicted declining episodic memory ([table 2](#T2){ref-type="table"}) even after a false discovery rate correction for multiple comparisons. In adults 30 to 59 years of age, the relationship between regional SUVR change and episodic memory decline remained significant for PCC, precuneus, and lateral parietal cortices ([table 2](#T2){ref-type="table"}). In addition, SUVR change in the lateral occipital cortex and LPFC was associated with declining episodic memory in adults 30 to 59 years of age. The effect in the LPFC was mitigated to a trend after correction for multiple comparisons, but all other effects in the 30- to 59-year-old subsample survived.

Additional analyses in initially amyloid-negative adults (and the middle-aged subsample) were conducted for other nonmemory cognitive domains, but increasing SUVR was not significantly related to declines in processing speed or reasoning globally or to any ROIs (*p* \> 0.10).

To further characterize the observed early amyloid-related changes in memory, a series of post hoc analyses were conducted. First, to assess whether these posterior cortical regions may provide a better target for detecting early amyloid-related changes in memory than global SUVR, a composite posterior cortical ROI (the mean of PCC, precuneus, lateral parietal, and lateral occipital cortices) was computed. In a model that included both global SUVR change and posterior cortical SUVR change, the posterior cortical ROI was significantly associated with declining memory (*F* = 7.181, *p* = 0.008) in initially amyloid-negative adults, while global SUVR was not (*F* = 2.464, *p* = 0.119). Likewise, in adults 30 to 59 years of age only, increasing change in SUVR in the posterior cortical ROI was again significantly associated with changing episodic memory (*F* = 8.351, *p* = 0.006), while global SUVR change was only marginally significant (*F* = 3.895, *p* = 0.056).

In a second post hoc analysis, we assessed whether the relationship between changing amyloid and changing memory performance was apparent before classification as amyloid positive. Across all adults who were amyloid negative at follow-up, increasing amyloid in the PCC (*F* = 5.577, *p* = 0.020), precuneus (*F* = 7.238, *p* = 0.008), and lateral parietal (*F* = 6.344, *p* = 0.013) cortices remained significant predictors of declining episodic memory. When the analysis was restricted to only adults 30 to 59 years of age, the relationship between increasing amyloid in the PCC (*F* = 6.392, *p* = 0.016), precuneus (*F* = 9.088, *p* = 0.005), lateral parietal (*F* = 8.471, *p* = 0.006), and lateral occipital (*F* = 10.719, *p* = 0.002) cortices and declining episodic memory remained significant. Furthermore, those who converted to amyloid positive over the interval did not have greater memory decline than nonconverters (*F* = 0.183, *p* = 0.669). Those who converted did not necessarily exhibit the largest increases in amyloid because some individuals who were just subthreshold at baseline crossed the threshold as a result of a very small increase, while others exhibited large increases but remained just below the positivity threshold at follow-up. Together, these findings suggest that it is the magnitude of change in amyloid rather than the crossing of a threshold that is most related to declining memory in initially amyloid-negative adults.

It is expected that SUVR change in the amyloid-negative sample necessarily includes random fluctuations in noise (both increases and decreases) and larger increases due to amyloid accumulation. To verify that the present findings were not driven by noise fluctuations, post hoc analyses were also conducted in 37 participants who exhibited SUVR increases above a test-retest cutoff of 2.5% change (equivalent to an SUVR change of 0.019 using the maximum baseline SUVR).^[@R34]^ In this smaller sample, the pattern of findings and the effect sizes remain similar to those of the full sample ([figure 2](#F2){ref-type="fig"}), such that declining memory is associated with increasing SUVR change in the PCC (*r* = −0.26, *p* = 0.14) and precuneus (*r* = −0.27, *p* = 0.13), although the effects only approached statistical significance. Thus, while imposing a threshold results in reduced power, the similarity of the effect sizes provides some support that the observed effects in the larger amyloid-negative sample reflect the magnitude of the increase in amyloid rather than noise fluctuations.

![Increasing regional amyloid accumulation in posterior cortical ROIs predicts declining episodic memory over 4 years\
The correlations between standardized uptake value ratio (SUVR) change in each of the 3 posterior cortical regions of interest (ROI) (posterior cingulate \[PCC\], precuneus, lateral parietal cortices) and change in episodic memory are shown (A.a--A.c) for all initially amyloid-negative adults 30 to 89 years of age and (B.a--B.c) within the middle-aged subsample 30 to 59 years of age. Episodic memory change is measured as a residual after controlling for baseline memory and SUVR, as well as age, sex, and *APOE*. *APOE* status is coded by shape for descriptive purposes, with ε4 carriers as triangles and noncarriers as circles.](NEUROLOGY2018890368FF2){#F2}

Amyloid accumulation and structural atrophy {#s2-3}
-------------------------------------------

Next, we assessed whether increasing amyloid accumulation predicted increasing decline in hippocampal, global cortical, and AD signature region volume over the 4-year follow-up. Across all initially amyloid-negative adults, increasing global SUVR was marginally associated with declining hippocampal volume (*F* = 3.775, *p* = 0.054) and global cortical volume (*F* = 3.020, *p* = 0.085) ([figure 3](#F3){ref-type="fig"}) but not decline in AD signature region volume (*F* = 0.927, *p* = 0.338). In adults 30 to 59 years of age, increasing global SUVR was significantly associated with declining hippocampal volume (*F* = 4.774, *p* = 0.035) but not with declining global cortical volume (*F* = 0.000, *p* = 0.998) or AD signature region volume (*F* = 0.094, *p* = 0.757). When regional measures of SUVR were used, the relationship between SUVR change and volume change was not significant for any region after correction for multiple comparisons.

![Minimal association between increasing amyloid accumulation and structural atrophy\
(A.a--A.c) In initially amyloid-negative adults 30 to 89 years of age, increasing global standardized uptake value ratio (SUVR) change is marginally related to (A.a) declining hippocampal volume and (A.b) global cortical volume but not (A.c) Alzheimer disease (AD) signature volume. (B.a--B.c) In the middle-aged subsample 30 to 59 years of age, increasing global SUVR was significantly related to (B.a) declining hippocampal volume but not (B.b) global cortical volume or (B.c) AD signature volume. Structural data are standardized residuals after controlling for baseline SUVR and the baseline measure of neurodegeneration, as well as age, sex, and *APOE*. *APOE* status is coded by shape for descriptive purposes, with ε4 carriers as triangles and noncarriers as circles.](NEUROLOGY2018890368FF3){#F3}

Amyloid accumulation and cognitive decline after controlling for structural atrophy {#s2-4}
-----------------------------------------------------------------------------------

Finally, we assessed whether structural atrophy measures might modify the relationship between increasing regional SUVR and declining memory. All of the previously detected relationships between regional SUVR change and episodic memory decline remained significant after controlling for baseline and change in hippocampal volume and global cortical volume. Across all initially amyloid-negative adults, increasing change in SUVR in the PCC, precuneus, and lateral parietal cortices remained significantly associated with declining episodic memory ([table 3](#T3){ref-type="table"}). In adults 30 to 59 years of age only, the relationship between increasing change in SUVR in the PCC, precuneus, lateral parietal cortex, lateral occipital cortex, and LPFC (*F* = 5.711, *p* = 0.023) and declining episodic memory remained significant, and global SUVR was mitigated to a trend ([table 3](#T3){ref-type="table"}). None of the measures of atrophy significantly predicted declining episodic memory in any of these models, although baseline hippocampal volume was marginally associated with declining memory in the middle-aged subsample. Similarly, controlling for baseline volume and change in AD signature regions resulted in persisting significant effects of increasing change in SUVR in the PCC (*F* = 5.847, *p* = 0.017), precuneus (*F* = 6.265, *p* = 0.014), and lateral parietal (*F* = 4.260, *p* = 0.041) cortices across all initially amyloid-negative participants and additional effects for global SUVR (*F* = 6.796, *p* = 0.013) and lateral occipital (*F* = 16.032, *p* \< 0.001) for middle-aged participants.

###### 

Global and posterior ROI SUVR change on episodic memory change results after controlling for measures of structural atrophy
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Discussion {#s3}
==========

Using initially amyloid-negative adults, the present study provides evidence of an early subclinical relationship between accumulating amyloid deposition over 4 years and concurrent declines in episodic memory. Notably, posterior cortical regions drove the relationship between accumulating amyloid and declining memory, suggesting that these regions may be useful in monitoring the progression of amyloid pathology and its relationship to memory decline from a very early stage. Furthermore, the relationship between amyloid and memory was evident starting in middle age, emphasizing the need for intervention early in the lifespan. Finally, these early amyloid-related changes in episodic memory persisted after controlling for hippocampal atrophy and broader changes in AD signature regions and global cortical volume.

Our results corroborate recent findings that demonstrated a relationship between accumulating amyloid and declining memory in initially amyloid-negative adults using data from the Alzheimer\'s Disease Neuroimaging Initiative.^[@R4]^ Together, these 2 independent samples indicate that there are subtle but reliable amyloid-related declines in memory below traditional thresholds of positivity. Notably, the present study found that it is change in amyloid rather than baseline amyloid burden that is a sensitive marker of memory decline at this early stage. In contrast, studies in amyloid-positive adults have found that baseline amyloid was a better predictor of cognitive change than change in amyloid.^[@R35]^ This discrepancy likely results from differences in the utility of baseline SUVR as a meaningful measure of amyloid burden in amyloid-negative vs -positive adults. Greater baseline SUVR within the amyloid-negative range may reflect low but subthreshold amounts of amyloid, but it may also result from high nonspecific binding. As a result of the continuous and increasing nature of amyloid deposition in cognitively normal adults,^[@R9]^ longitudinal measurement of SUVR change provides a more meaningful measurement of amyloid in individuals below the positivity threshold, which in turn enables detection of early amyloid-related changes in episodic memory.

It is also notable that amyloid-related cognitive changes were detected for memory but not for the other tested cognitive domains, including processing speed and reasoning, consistent with previous evidence of pivotal role of memory decline early in AD pathologic progression.^[@R4],[@R23],[@R36],[@R37]^

The present study also yielded findings in a rarely studied group: middle-aged adults. Our results provide evidence that middle-aged adults may be an optimal target for early intervention because subtle but detectable changes in amyloid are already related to declining memory at this early stage in the lifespan. The associations between increasing amyloid and both declining memory and hippocampal volume were stronger in middle-aged than in older initially amyloid-negative adults. It may be that the detection of amyloid effects is more robust in middle age due to fewer confounds with other age-related diseases that may obscure the effects of amyloid later in life. We note that we did not find an effect of *APOE* ε4 despite previous evidence of its salience in middle age,^[@R38]^ but a larger sample of ε4 carriers is likely needed to examine the genetic component.

We also found that the relationship between amyloid accumulation and memory decline persisted after the exclusion of converters to positivity and that memory did not decline significantly on the basis of only conversion to positivity. These findings suggest that it is the magnitude of change in amyloid rather than the crossing of an artificial threshold that is most related to declining memory in initially amyloid-negative adults. Furthermore, in combination with the findings in middle-aged participants and previous findings from other studies,^[@R4],[@R39]^ these results emphasize that if the success of antiamyloid therapies requires intervention before downstream effects of amyloid on cognition, waiting until individuals are older and amyloid positive may be too late. The relationship between increasing amyloid accumulation and declining memory was localized to posterior cortical regions, including the PCC, precuneus, parietal, and occipital cortices. This effect was most robust in the PCC, which is often implicated as one of the earliest sites of amyloid accumulation.^[@R8],[@R9]^ These findings suggest that focusing on posterior cortical regions, particularly the posterior cingulate, may improve the ability to detect and monitor early amyloid-related changes in memory.

Further work is needed to clarify the mechanism underlying this early regionally specific effect of amyloid on memory. The present findings suggest that early amyloid-related memory decline may occur independently of morphometric changes in hippocampal, AD signature, or global cortical volume. While the lack of evidence that structural atrophy in these regions modulates the amyloid--memory decline relationship may reflect insufficient power or biased dropout, it is alternatively likely that the coarse measures of volumetric change used in the present study may not sufficiently capture the subtle neurodegenerative changes underlying amyloid-related memory decline at this early stage. In vitro and rat studies have demonstrated that amyloid results in synaptic dysfunction,^[@R40][@R41][@R42]^ and PET studies have demonstrated that amyloid is associated with disrupted functional connectivity in posterior networks important for memory.^[@R43][@R44][@R45]^ Thus, the observed amyloid-related memory decline in amyloid-negative adults may reflect local neurodegenerative effects of amyloid on synaptic dysfunction, and future research using fMRI and fluorodeoxyglucose may help to examine this possibility. Alternatively, these regional effects may be mediated by tau pathology in functionally and structurally connected mediotemporal lobe regions and its neurodegenerative effects.^[@R46]^ Notably, a recent study^[@R39]^ demonstrated in initially amyloid-negative adults that longitudinal increases in amyloid are associated with increased tau pathology. Future research incorporating tau and other neurodegenerative markers may therefore help to clarify the mechanism underlying these early effects of amyloid on memory decline and to elucidate the early pathologic progression of AD.

An important limitation of the present study and all research focusing on amyloid-negative adults is the uncertainty that SUVR in this lower range reflects amyloid rather than sources of noise such as nonspecific binding and blood flow. Longitudinal measurement helps to identify individuals within the amyloid-negative range that harbor amyloid because amyloid should continue increasing. However, it is important to note that variability in change in noise is also expected on the basis of test-retest studies that have shown short-term noise fluctuations in SUVR of 2.5%.^[@R34]^ As a result of this test-retest variability, both increases and decreases in SUVR were observed, and it is presumed that larger increases, especially those above test-retest, are more likely to reflect changes in amyloid rather than noise. It is notable that individuals exhibiting SUVR decreases and increasing memory contribute to the primary finding of a relationship between increasing posterior cortical SUVR change and declining memory ([figure 2](#F2){ref-type="fig"}). However, when we selectively analyzed participants with large increases above test-retest, we found a similar pattern of findings, although we lacked the power to detect statistical significance in this smaller sample. However, this finding provides some support that the direction and magnitude of the effect of SUVR change on episodic memory change reflect increases in amyloid rather than being driven by decreases in noise. Adding further credibility is the finding that the association between SUVR change and memory change is not explained by fluctuations in SUVR due to atrophy. Nevertheless, more research is needed to better elucidate the sources of noise and to understand the relative contributions of noise and amyloid deposition to the signal in the amyloid-negative range. Notably, these reliability issues are partially driven by having only 2 time points because of the longer follow-up interval in our aging study. Future research with additional time points will help to improve measurement reliability and accuracy.

It is also possible that the observed relationship was driven by memory decline, such that declining memory performance led to increased deposition of amyloid rather than amyloid leading to cognitive change. There is some evidence suggesting that poor neural efficiency (which may result in lower cognitive performance) may lead to greater amyloid deposition.^[@R47]^ However, multiple studies^[@R23],[@R35],[@R37],[@R48]^ have demonstrated temporal precedence of amyloid over cognitive decline, providing support for the hypothesis that amyloid (directly or indirectly) leads to cognitive decline.

It is also notable that while subtle amyloid-related declines in episodic memory were observed, these participants remain cognitively normal. Continued follow-up is needed to assess whether those exhibiting increasing amyloid burden and declining memory will progress to dementia in the future. It should also be noted that 38% of the baseline sample was lost to follow-up 4 years later, although those who were retained did not significantly differ from those who failed to return. Slightly higher attrition rates were observed in the oldest participants (age 80--89 years) due to health problems. Biased dropout may therefore result in underestimation of effects in the population and in particular may contribute to our lack of findings regarding structural atrophy.

The present study demonstrates an early, regionally specific relationship between amyloid accumulation in posterior cortical regions and declining episodic memory in initially amyloid-negative adults. These findings highlight the importance of assessing regional changes in amyloid to monitor disease progression as early as middle age. Furthermore, our results suggest that early amyloid-related memory decline may be independent of hippocampal, AD signature region, and global cortical atrophy, although further research is needed to achieve greater clarity on the early pathologic sequence in AD. Our findings align with other recent work^[@R4],[@R39]^ to stress the importance of studying initially amyloid-negative adults to aid in the identification of a critical window for intervention before downstream effects of amyloid on neurodegeneration and cognitive decline occur.
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AD
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DLBS
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:   posterior cingulate cortex

ROI

:   region of interest

SUVR

:   standardized uptake value ratio

[^1]: Go to [Neurology.org/N](http://n.neurology.org/lookup/doi/10.1212/WNL.0000000000006469) for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

[^2]: The Article Processing Charge was funded by endowment proceeds to the University of Texas at Dallas for the Distinguished University Chair of Behavioral and Brain Sciences awarded to Denise Park. The donor was anonymous.
